ABSTRACT
INTRODUCTION
Future prospects of many companies will be determined by their ability to overcome the challenges associated with globalization and external market competition. One popular response to these challenges can be found in the concept of business process re-engineering (BPR). BPR involves not only processes of reengineering but also best business practices, process transformation, optimization, downsizing, rightsizing, and continuous improvement. In all these endeavors, an integrated enterprise resource planning (ERP) system is regarded as indispensable. Koch (2001) reports that an ERP installation supports radical BPR, while Chen (2001) reports that continuous improvement with ERP-enabled processes has been described as rewarding and promising.
Among ERP vendors, SAP has established itself globally as the dominant supplier of core business systems. With more than 15,000 installations worldwide, SAP has been adopted by many multinational corporations as their global standard, and an increasing number of smaller enterprises are following suit (Deimel, 1998) . An SAP project is typically complex and costly, affecting the whole organization. For example, in order for an SAP system to be aligned (or customized) to the specific requirements of an enterprise, business processes need to be re-engineered and internal resources allocated. This is not merely time-consuming. When an SAP project overruns, or its schedule slips, unexpected project costs can be severe. Unexpected delays in BPR can also lead to lost business opportunities. Thus, the success of an ERP project could be roughly justified in terms of three factors: time, budget control, and functionality implementation.
One study has shown that 40% of all ERP projects are only partially completed and 20% are discarded as total failures (Escalle & Cotteleer, 1999; Grant, 2002) ; another reported that 60% of ERP projects failed to achieve the expected (or required) return on investment (Ptak & Schragenheim, 1999) . Taking this into account, along with the fact that conventionally SAP implementation involves third-party consultants (e.g., an authorized dealer or business partners), SAP must ensure that no matter who the partners are, every implementation of an SAP product (e.g., SAP R/3) satisfies the three criteria of time, budget control, and functionality implementation. To do this, SAP developed AcceleratedSAP (ASAP), which provides a roadmap for cost-effective SAP R/3 implementation (Hiquet & Kelly, 1998; Krumboholz & Maiden, 2001; Stewart, 1998; Welti, 1999) .
AcceleratedSAP describes a framework of tasks that seeks to avoid potential pitfalls that may be encountered in the life cycle of an SAP project. It was also intended for use in managing business process re-engineering. Since ERP projects that include SAP R/3 installations are software projects, one objective of our work is to investigate the merits of adopting software process models, such as the Capability Maturity Model (CMM) , in ERP implementation. It is expected that this will provide insights into the establishment of a sound universal implementation model for other ERP packages (e.g., Oracle, Peoplesoft, JD Edwards, Baan). This paper proposes a software process model for ERP implementation based on AcceleratedSAP and CMM, hence called AcceleratedCMM (ACMM). CMM is a disciplined software model in which a number of key process areas (KPAs) have been identified as central determiners of the process capability of a software organization. These KPAs are prioritized into different levels so that they provide an organization with a path of growth through which it is possible to enhance software process capabilities. CMM is usually adopted for large-scale software projects, but, in principle and properly interpreted, it is suitable for diverse environments (Johnson & Brodman, 2000) .
In the past, CMM has been used to assess and appraise software organizations for their capability level and for their CMM certification. Our proposed model, AcceleratedCMM, differs from this in that it is a product obtained from using CMM to assess and appraise the ERP implementation model (i.e., AcceleratedSAP). The results of the AcceleratedCMM assessment identify key process areas in which an ERP implementation can be carried out more effectively.
The potential impacts of AcceleratedCMM are financial, theoretical, and industrial. In dollar terms, the ERP market was worth $15.68 billion in 1997, growing to $72.63 billion in 2002. The associated ERP consultancy market, which provides ERP project services, has also grown substantially (Holland & Light, 1999) . Given this, the use of a universal ERP methodology in ERP implementation and assessment promises considerable advantages in cost-efficiency, especially in the context of the recent trend towards open source ERP and CRM. ComPiere Inc, for example, has distributed its ERP/CRM package, called Compiere, along with its source code (Compiere, 2000) and now has more than 660,000 downloads. Instead of selling ERP, the company and its different local business partners aim to provide BPR solutions, Integration, ERP training, and imple-mentation support. Clearly, even in an open source software environment, the ERP consultancy market will continue to grow.
Although there have been many academic studies of ERP Management and Software Process Improvement, as yet, little is understood of the relationships between software process improvement (SPI) models (i.e., CMM) and ERP implementation methodologies (i.e., AcceleratedSAP) (Lui & Chan, 2002) . AcceleratedCMM also provides a useful illustration of how one software model can systematically combine with another in such a way so as to provide insights into both.
In industry, the Key Process Areas (KPAs), of CMM can be used as guidelines for both ERP implementation and BPR, which is not to claim that they constitute a complete set of major processes for BPR. The completeness of AcceleratedSAP has been demonstrated in many SAP (BPR) implementation projects across a wide range of business areas, including aerospace, banking, trading, manufacturing, retailing, telecommunications, and other industries. Consequently, an amalgam of CMM and AcceleratedSAP would provide insights into universal ERP implementation. This paper is organized as follows. We begin with clarification of the differences between software development and ERP implementation. The next section, "ERP Installation Challenge," describes difficulties that can lead to the failure of ERP projects. Then we review AcceleratedSAP. The following section lays the foundation for AcceleratedCMM, discussing the formal CMM algorithm by Wang and King (2000) and proposing a revision of this algorithm as well as of the AcceleratedSAP algorithm. The next section, "Architecture of Accelerated CMM," proposes AcceleratedCMM for generic ERP implementation and presents the AcceleratedCMM algorithm. In "Applications of Accelerated CMM" we report on an assessment of AcceleratedCMM in a real ERP project. The final section summarizes the contribution of this paper to information management and software process improvement.
ERP INSTALLATION CHALLENGE
The difficulties encountered in ERP implementation are often underestimated. One result of this is that there is a tendency to attribute a failure in installing an ERP package to improper project management when it might be more useful to see the failure of a development projects not just as a management problem but as an issue involving the complexity of the design and programming of software. This section discusses these issues as they affect ERP implementation.
Traditionally, software development has been seen as taking place in six stages: Requirements, Design, Coding, Testing, Installation, and Maintenance. When they are planned in a project timeframe, the end of each stage marks a milestone, with the most critical milestone, which indicates the probability of a project success, being the delivery of a software product. Thus, from Requirements to Testing, team efforts and resources are dedicated to the product with the clear goal of meeting that milestone. Without this focus, the project risks deviating from the schedule and exceeding its budget. Such a structure places less emphasis on installation and maintenance, focusing on these stages only after the user has recognized the value of the system.
From the point of view of delivery, the entire software development cycle can be divided into the following three processes:
1. Package Development: Delivery of a software product and related documents 2. Package Implementation (Deployment):
Delivery of value and services to users through the implementation of the software product 3. Maintenance: Delivery of ongoing support, including system administration and enhancements Table 1 describes the inputs and outputs in each process. Figure 1 illustrates where the three processes are found in a development cycle. Copyright © 2005 , Idea Group Inc. Copying or distributing in print or electronic forms without written permission of Idea Group Inc. is prohibited.
The correspondence between classification by deliverable and the different stages of a development cycle is quite straightforward. This correspondence is illustrated in that the whole project is executed by the same team rather than by different project teams. This means that between package development and package implementation, there are no interface problems in knowledge transfer and communications. When the users who define system requirements at Package Development are the same people who use the system at Package Implementation (applying the so-called tailor-made approach), risks are minimized.
Consider ERP as commercial off-theshelf (COTS) software; the whole process shown in Figure 1 can probably be carried out by two separate teams responsible for executing Package Development and Package Implement. The Package Development team delivers a suite of software products, including the manuals and the system. Meanwhile, the team of Package Implementation proceeds with installation and implementation. This arrangement is shown in Figure 2 .
As Package Implementation is regarded as a separate project, it contains a complete set of phases: Requirements, Modification, Testing, and Go Live. Each of these phases contains some tasks that have been performed in package development and must be performed repeatedly in package implementation, as the development team and the implementation team have different perspectives. For example, the implementation team needs to re-study requirements to understand how system flow and current business workflow are matched, although the requirements might be collected by the team of Package Development. When the software product is available, the team can evaluate and test all necessary works in a simulated testing and training environment. If the functionality of the system does match the requirements studied in Package Implementation, the implementation team must align the workflow with the system.
For reference, Figure 3 illustrates the SAP terminology corresponding to Requirements and Modifications in Figure 2 of Package Implementation. It is often the case that implementation teams will deploy the same software package in different business environments, including trading, manufacturing, retailing, and banking, as shown in Figure 4 . Clearly then, a successful ERP installation will depend upon the ability of the implementation team to fill the gaps between Package Development and Package Implementation in terms of functionality alignment and knowledge transfer.
According to a benchmarking exercise conducted by the Partner Group in 1998, problems of ERP implementation included (Rolland & Prakash, 2000) :
1. Difficulty aligning with the specific requirements of the enterprise 2. Need for enterprise process re-engineering 3. Lack of technical support from the ERP system vendor 4. Need for massive allocation of internal resources 5. Difficult and time-consuming implementation 6. High costs The first three issues arise from the separation of Package Development and Package Implementation. Once development teams and implementation teams are separated, business processing re-engineering is unavoidable, as it becomes necessary to align the functions of the product to the specific requirements of the enterprise. The implication is of this is clear. Minimizing the impacts of issues one, two, and three will reduce the impacts of issues four, five, and six. This means that a software model for a full development cycle, as illustrated in Figure  1 , cannot be adopted directly for ERP package implementation.
Modifying organizational procedures (i.e., BPR) can be constructive when moving from poor practice (or inefficient workflows that cause incompetence) to standard (best) practice. Conversely, it can also happen that some procedures have to be modified to less efficient ones in order to match the functionality of the ERP package. Studies have suggested that there are three categories of ERP implementation in terms of size, BPR, and technical scope (Parr & Shanks, 2000) . In turn, technical scope can be classified into three levels: (1) no change to the ERP package, (2) minor modification, and (3) major modification. This, unfortunately, does not take BPR into account. Nor does it represent well BPR project events.
The difficulties of ERP implementation are substantially a consequence of the separation of package development and package implementation. This is because separation creates difficulties for ERP implementation teams as they seek to align system functionality and process re-engineering. Problems encountered throughout ERP implementation can be solved by applying the following four techniques. Given these four techniques are appropriate responses, the real challenge is finding a proper strategy for each problem. For example, if a problem is solved by ERP kernel modification, and it could be solved to a certain extent by working around the ERP functions, the chance of project failure unnecessarily increases. Clearly, the difficulties of ERP implementation should not be underestimated; nor should ERP implementation failures be automatically classified as poor project management.
REVIEWING ACCELERATEDSAP (ASAP)
This section will review AcceleratedSAP (Release 4.6C). SAP installations invariably involve radical business process re-engineering. In such cases, it is the task of AcceleratedSAP to facilitate the process of transforming a business from the legacy processes-modeled by the "As-Is" concept describing the existing status of the organization, processes, procedures, and methods in the company-to the future processes modeled by the "To-Be" concept. It should be noted that the "To-Be" model is more process-driven and specific to ERP-enabled processes, whereas the "As-Is" model simply reflects the existing workflow. The concept of the pair of "As-Is" and "To-Be" models has been widely accepted in requirements engineering in BPR (Jackson, 1995; Mende, 2000; Rolland & Rakash, 2001; Jackson, 1995) .
The AcceleratedSAP framework divides an implementation project into five sequential phases, each of which has a specific purpose contributing to the achievement of project goals. The first phase, Project Preparation, provides initial planning and preparation for an SAP implementation project. This includes defining a unique objective, project scope, priorities, and so on. The second phase is the "Business Blueprint." As the name suggests, the purpose is to create a business blueprint a detailed document describing how the company is running its business before implementing the SAP applications and how it intends to do so afterwards. The models of the "As-Is" and "ToBe" processes are used to analyze process changes.
The third phase of the AcceleratedSAP framework, called "Realization," is about implementing business and processing requirements based on the blueprint. During this phase, the required "To-Be" environment is established with SAP R/3. The fourth phase is Final Preparation, which finalizes everything in readiness for going live with the new systems and processes. This stage includes testing, end-user training, system management, and "cut over" activities. On successful completion of this phase, a client is ready to run its business with its live SAP system.
Go Live and Support is the fifth, and last, phase of the AcceleratedSAP roadmap. The goal of this phase is to move a pre-production environment to live production operation. Both a tentative help desk and long-term support must be set up for end-users. This phase is also used to monitor system transactions and to optimize overall system performance.
The end of each phase marks a milestone in a project life cycle. A phase comprises several work packages (WPs), each one describing a set of guidelines. The sequence of work packages indicates when certain activities will start. Usually, work packages are used to formulate an SAP project plan for management review.
A work package contains a number of supporting activities, each describing what should be achieved (i.e., goals) and which work product (i.e., deliverables) should be delivered at a certain stage of a project. Components of a work product can be produced by different tasks that are associated with supporting activities. A task is defined as a "self-contained" element; it includes information on the use of results from other tasks (i.e., dependency), work preconditions (i.e., prerequisites), procedures, and results. Figure 5 shows the framework of AcceleratedSAP.
AcceleratedSAP manages a project cycle in five phases with 43 work packages, 113 activities, and 394 tasks (see Table 2 ). Unlike CMM, which aims to provide guidelines on the Copyright © 2005 , Idea Group Inc. Copying or distributing in print or electronic forms without written permission of Idea Group Inc. is prohibited.
general process of software development , AcceleratedSAP not only explains what to achieve in general terms (i.e., phase and work package), but also how to perform these stages in specific terms (i.e., activity and task).
It should be noted that progression from one phase to the next is dependent upon the current phase being completed. This means that all tasks have been performed and all the work products for that phase have been delivered. A complete set of work packages for the five phases is listed in the Appendix.
The older version of AcceleratedSAP consisted of six phases: (1) Project Preparation, (2) Business Blueprint, (3) Simulation, (4) Validation, (5) Final Preparation, and (6) Go Live and Support (Hiquet & Kelly, 1998; Stewart, 1998) . In the current model, Simulation and Validation were combined into Realization. Some have suggested that there are four phases in SAP implementation (Welti, 1999) : Planning, Realization, Preparation, and Production. These phases seem to be compatible with the typical software life cycle phases: Inception, Elaboration, Construction, and Transition (Royce, 1998) . As Business Blueprint was not explicitly addressed, the four-phase SAP implementation "de-emphasized" business process re-engineering in an ERP project, and it can be suitable for simple, well-defined, and standardized business operations.
FORMAL

REPRESENTATIONS OF CMM AND ACCELERATEDSAP
In this section we investigate the formal representations of CMM and AcceleratedSAP, complementing the conventional natural language descriptions of CMM and AcceleratedSAP. Then, we will compare two of these models in terms of their structure and application. Finally, based on this comparison, we will consider the feasibility of their combination in real-world situations.
CMM
In CMM, a software project is evaluated to determine whether the processes used in the project have reached a certain maturity level. CMM identifies a group of activity areas (Key Process Areas [KPAs]), in which related practices are performed collectively to achieve a set of goals that are important in enhancing process capability Paulk, 2001; = 3 in assessment, because while "don't know" implies no such practice currently exists in the accessed software development organization, it does not mean that such a practice is inapplicable. Table 3 summaries the rating of results of CMM KPs' assessment.
Algorithm 1 describes how CMM assessment of a software project is defined (Wang & King 2000) . Software projects are being evaluated to determine the maturity level of an organization.
For an organization, a CMM process capability level can be obtained by taking a statistical mean of n assessed projects
, that is:
where   x is to round x down to the nearest integer.
An established software organization and its successful project experience can cumulatively be considered when determining the maturity level of the organization.
As we are more interested in CMM in terms of KPAs and in AcceleratedSAP in terms of work packages, we will revise Wang and King's algorithm so that it is easier to compare CMM and AcceleratedSAP. is simpler as it is either 1 for completion or 0 for incompletion of the j th work package at the i phase.
Unlike Algorithms 1 and 2, in Algorithm 3, the timeframe or starting sequence of work packages in the same phase must be specifically addressed. For example, it would be both incorrect and illogical for Project Kickoff to begin after Quality Management at phase one of AcceleratedSAP. We put these inter-work-starting relationships into the algorithm. It should be noted that the duration of some work packages varies depending on the SAP project. For example, how long Organizational Change Management Realization (see Appendix) actually lasts depends on the extent of the change of business processes. Nonetheless, the work package should end before Quality Management of the realization phase. Thus, ) , ( j i START WORK , shown and explained in Algorithm 2, indicates a sufficient condition in the AcceleratedSAP framework.
Syntactically, except for their sequence control, both algorithms roughly resemble each other. Table 4 shows the syntactic comparison and Table 5 shows the semantics. Table 5 analyzes two models in terms of their dimensions (i.e., stages), components, assessments, and outputs. hand, CMM emphasizes satisfaction, as KPAs are concepts and guides. 4. Output: AcceleratedSAP is concerned with project progress, while CMM determines the maturity level of an organization.
An algorithm normally articulates the taxonomy of a methodology but is independent of the methodology in real use. Thus, differences and similarities between Algorithm 2 (CMM) and Algorithm 3 (AcceleratedSAP) provide little information about how the two methodologies can been applied to real software projects. Of course, if a software model is used successfully on a small-scale project, it naturally raises questions as to whether the model is suitable for application to larger projects, or whether it might not be combined with another model for managing large-scale projects. Absent a track record, which would allow some perspective on these issues of scale, this is hard to judge. The algorithms cannot by themselves tell us whether their methodologies can be merged usefully into a complementary architecture in a real-world situation. Table 6 provides us data about the compatibility of the software-process models in terms of the size of the project that they can manage. The difference in the application of the models is that AcceleratedSAP covers business process improvement, whereas CMM is used for software process improvement.
In this section, it has been shown that the algorithms of CMM and AcceleratedSAP have some syntactic and semantic similarities, as can be seen in Table 4 and Table 5 . We have seen that both models have been adopted in sizeable projects of two to three years' length, and both have had profound organizational impacts. This would suggest that they could feasibly be combined.
ARCHITECTURE OF ACCELERATEDCMM
Just as work packages in AcceleratedSAP set out the context of the SAP R/3 implementation methodology, key process areas (KPAs) define the core architecture of CMM. The way that KPAs are prioritized in this definition, however, does not provide any guidance as to which KPAs should collaborate to fulfill the goals of each phase in a project cycle. This means that CMM does not prescribe when activities associated with KPAs should occur in a project life cycle; for example, where a "training program" (KPA) should be placed in a project cycle. In contrast, AcceleratedSAP work packages are prescribed at specific points in a project life cycle. These contrasts can be represented in a matrix, as shown in Figure 6 .
The matrix in Figure 6 is constructed in two dimensions-maturity level and time phase-along which KPAs and work packages are organized. Maturity level and time phase are independent of each other. Work packages are placed in the sequence in which they occur within the different time phases of a project life cycle, but plausibly, they could also be reconfigured into different maturity levels. In a similar fashion, KPAs can also be reorganized into time phases. In Figure 6 , as a base line, the AcceleratedSAP work packages correspond to CMM key process areas in such a way that they impose responsibility for project scheduling on KPAs. Work packages need not be mapped only in one-to-one relationships. It is equally possible to associate a work package with key process areas at two maturity levels. Such a relationship would bring into focus those aspects of an ERP implementation roadmap that should be managed by the capability level. When the mapping from work package to KPA means the work package satisfying the purpose of the KPA, Figure 6 is viewed as an assessment of AcceleratedSAP by CMM.
Some mapping is straightforward; for example, the Initial Project Planning of a work package is mapped to Software Project Planning of KPA. However, a wider perspective should be taken on how business process reengineering work packages are associated with software process improvement KPAs. These associations are of three types: direct We have discussed the principles of association between work packages and key process areas (KPAs). The following section will present the AcceleratedCMM framework and algorithm.
Framework
The framework of AcceleratedCMM has five phases: Project Preparation, Business Blueprint, Realization, Final Preparation, and Go Live and Support. The structure and meanings of these phases are taken from AcceleratedSAP. Each contains a set of KPAs with some KPAs occurring in several phases. KPAs are taken from CMM. Table 7 shows the framework of AcceleratedCMM.
When a particular ERP project is established, it is necessary to devise a set of implementation procedures and work packages on the basis of the KPAs of AcceleratedCMM. While the work packages of AcceleratedSAP provide a helpful reference, work packages should be based on the basis of AcceleratedSAP KPAs. This ensures that the work packages devised are suitable for all ERP projects in their unique organizational environment and are supported by CMM model.
Algorithm
Algorithm 4 illustrates the structure of an AcceleratedCMM. It should be noted that AcceleratedCMM does not contain predefined work packages (WPs). Rather, these WPs must be defined for a specific ERP project according to the AcceleratedCMM KPAs. Thus, for an ERP project, the func-
returns the number of implementation work packages at each phase.
Unlike AcceleratedSAP, AcceleratedCMM emphasizes those procedures and work products that achieve 80% satisfaction with the corresponding KPAs. Therefore, to reach a project milestone, we must complete the defined work packages with 80% of KPA compliance. Other parts of Algorithm 4 are similar to Algorithms 2 and 3.
APPLICATIONS OF ACCELERATEDCMM
In principle, AcceleratedCMM can be applied in any type of ERP system implementation project. It is a high-level roadmap that is of assistance in working out a full set of specific ERP implementation procedures. Even where project planners might devise different and/or very unique implementation procedures, this is possible to have different working procedures, as long as they are following AcceleratedCMM. It should be noted that the goal of AcceleratedCMM is not to improve particular skills, but rather to improve ERP project development and implementation processes. Another use of AcceleratedCMM is to measure or audit a set of existing ERP implementation procedures in order to identify areas that have not been addressed and that should be attended to if the success of the ERP project is to be assured.
Given that the key achievement of many ERP installations is BPR, the following section will evaluate how project managers judge the completeness of the AcceleratedCMM according to required BPR techniques, as reported by Al-Mashari, Irani, and Zairi (2001) . The evaluation will provide feedback as to whether AcceleratedCMM provides every element that is required to effectively manage BPR. The section titled, "Assessing an ERP project by AcceleratedCMM," considers a real case of ERP (MFG/PRO, www.qad.com) (cont.) nally, the subjects graded each BPR technique for the extent to which is was addressed in AcceleratedCMM. The assessment is intended to reveal how generalizable AcceleratedCMM might be in implementing ERP/BPR projects. The following reports the details of the assessment and the results.
To minimize the effect of human bias, we selected those project managers who had experienced both successful and unsuccessful ERP projects. Three criteria were used to justify whether their ERP projects had been successfully implemented. A successful ERP project was defined as one that (1) was on schedule within a 5% deviation, (2) was on budget within a 5% deviation, and (3) had implemented its key functionalities. From an initial pool of 25 project managers, 12 were chosen to proceed with the assessment. Table 7 shows the background of the subjects. Levels of experience ranged from having handled just one ERP project to as many as six. The ERP projects they had handled represented a range of commercial sectors including manufacturing, trading, wholesaling, and retailing, and the ERP packages included SAP, Oracle, JD Edwards, MFG/PRO, Scala, and Kingdee (a Chinese domestic ERP).
In order to have a common base line for the subjects to measure AcceleratedCMM, a survey of techniques in BPR (Table 8) was provided, which the participants discussed together until they reached a common understanding of the techniques.
Central to the assessment exercise was the introduction of AcceleratedCMM to the subjects so that they understood the KPAs. After examining the comparative information on software improvement process methodologies provided in the Appendix, the subjects ranked each BPR technique numerically, from 5 (fully addressed in AcceleratedCMM) to 1 (not addressed at all). Note that the participants were not permitted to discuss AcceleratedCMM with each other. Figure 7 shows the results. Nine out of 11 techniques received an average grade between 4 and 5. This indicates that the subjects had reached a consensus view that AcceleratedCMM provides high coverage of techniques required to manage business process re-engineering. AcceleratedCMM is a model of the process area level. Since it is not oriented to tasks or people-skills, it is not surprising that techniques on the task-level and people skills received lower grades, as seen in PSD (Problem Solving and Diagnosis) and ISAD (IS Systems Analysis and Design), which were graded between 3 and 4, and in CT (Creative Thinking), which was graded below 3. tory spent half a year in 2002 implementing MFG/PRO. The result of the project did not meet the expectations of the company's management, as they only partially implemented some modules of the system including SO, PR, PO, WH, AR, AP, and GL. These modules were not fully integrated, even though they were in the single ERP system. As a consequence, many business processes were manually planned and implemented. We have used AcceleratedCMM to audit the ERP implementation that drove the proceedings of the project. Table 9 shows the project implementation plan. Time phase and milestone are not explicitly addressed in the plan. Clearly, this makes project tracking and control much more difficult when the project is rolling over time. The whole implementation was divided into two parts in terms of applications. The first part includes core modules (see Table 9 , items 11 and 12) whereas the second includes MRP modules (see Table 9 , item 27). In fact, the company failed the first part as a result of having incorrect inventory records and inaccurate bills for materials, and this led to its having to abandon the second part of the project.
Assessing an ERP Project by AcceleratedCMM
Eight volunteers from among 12 subjects of the experiment discussed in the section "Accessing AcceleratedCMM" used AcceleratedCMM to measure the implementation. They were provided with no more information than can be found in Table 9 . It is important to note that they were working on highlevel auditing but were not informed that the project had failed.
The result is shown in Figure 8 . In terms of AcceleratedCMM, it was predicted that the project would encounter problems in Software 
CONCLUSION
SAP databases are ubiquitous and complex and are a common focus both of business process re-engineering and of many BPR studies (Scheer, 1998) . Despite its centrality and complexity, on account of cost SAP training in the form of AcceleratedSAP is not normally made available to everyone who participates in an SAP project. Normally, AcceleratedSAP is recommended only for SAP project managers who actually define, plan, and control the overall SAP implementation. However, AcceleratedSAP has been accumulated in many real-world ERP/BPR experiences. This paper provides academic insights into AcceleratedSAP. The paper will be of interest to researchers who are interested in process modeling and software methodologies.
The primary contribution of this paper is to establish the synergy between two software models and to show how it is possible to construct from them a useful hybrid model with both theoretical and practical applications. In theory, the proposed approach to combining CMM and AcceleratedSAP can be applied to other models such as Bootstrap plus SCRUM or CMMI plus Oracle's Application Implementation Methodology (AIM). It is hoped, then, that this work advances the understanding of the architecture of software methodologies.
In terms of project management and ERP management, we argue for the importance of a universal ERP/BPR model. Although the CMM philosophy in connection with the Business Process Re-engineering application was mentioned by Hansen (1977) , he did not address the details, including which of the KPAs and how KPAs of CMM can be applied in ERP/BPR International Journal of Enterprise Information Systems, 1(3), 69-95, July-September 2005 91 projects. In fact, this paper shows that CMM does not include the concept of timeline, which is crucial to managing the ERP project schedule. Thus, CMM should be combined with a timeline model so that KPAs of CMM can be applied in ERP projects.
The future direction of the work is to make the model more comprehensive. In its current form, AcceleratedCMM focuses on process areas leading toward the success of ERP projects. Certainly, there are many foreseeable difficulties, but considering the impacts of national cultures (Krumbholz & Maiden, 2001 ) and disciplinary behaviors (Lee, 2000) on the success of an ERP installation, it would certainly be worthwhile to extend AcceleratedCMM to integrated models also accounting for the effects of process, culture, and people. 
APPENDIX
